Optical constants, dispersion and oscillator parameters of dierent thicknesses of amorphous Ge25Cd5Se70 lms have been deposited onto glass substrates using thermal evaporation technique. The optical constants have been investigated by optical spectrophotometry measurements. The straight forward analysis proposed by Swanepoel, which is based on the use of the extremes of the interference fringes has been used in order to derive the refractive index and the lm thickness in µm range. The refractive index could be extrapolated by the Cauchy dispersion relationship over the whole spectral range, which extended from 400 to 2500 nm. It is observed that, refractive index n increases with the lm thickness. The possible optical transition is found to be allowed indirect transition with energy gap increase from 1.915 to 1.975 eV with increasing lm thickness. The dispersion of the refractive index is discussed in terms of the WempleDiDomenico single oscillator model. The interband oscillator wavelength, the average oscillator strength, and the optical conductivity were estimated for dierent thicknesses of amorphous Ge25Cd5Se70 lms.
Introduction
Chalcogenides have recently attracted the attention of solid-state physicists, chemists and electronic engineers on account of their potential application in various solid--state devices. Chalcogenide glasses are important materials due to their potential use in integrated optics, optical imaging, optical data storage, and infrared optics [13] . They are attracting an extensive attention due to their practical and potential uses in the civil, medical and military areas, especially in the elds of infrared optics, opto-electronics, photonics, ber optics, and novel memory devices [4] . High attention has been paid to the inuence of impurities on the structural and optical properties of chalcogenide glasses and this inuence can be quite dierent for dierent impurities. Optical properties of chalcogenides thin lms have been the subject of intense study during the last decades, and great eorts have been made to develop the mathematical formulation describing the transmittance and reectance of dierent optical systems [513] . Chalcogenide glasses are well-known IR--transmitting materials [14] . They exhibit a wide range of photoinduced eects accompanied by signicant changes in their optical constants, that enable them to be used as optical recording or imaging media [15] , absorption lters, and many other optical elements [16] . Knowledge * corresponding author; e-mail: dr_isyahia@yahoo.com of the optical properties of amorphous materials are obviously necessary for exploiting these materials in very interesting potential technologies.
The optical features of semiconductor lms depend on dierent parameters, such as conditions of their preparations, lm thickness and deposition rate. This paper aims to investigate the eect of lm thickness on the optical properties of amorphous Ge 25 Cd 5 Se 70 alloy system. The straightforward method proposed by Swanepoel [6] , which is based on the use of the extremes of the interference fringes of transmission spectrum alone, will be used in order to derive the real and imaginary parts of the complex index and also the lm thickness for the amorphous Ge 25 Cd 5 Se 70 semiconductor lms.
The main purpose of this manuscript is how can we apply Swanepoel's method rigorously in sample with higher thin lm thickness in the range about 0.651 to 2.346 µm.
According to our knowledge, no authors applied this method for the higher thin lm thickness. The mechanical rotation of the substrate holder (≈ 30 rpm) was done during the deposition for producing a homogeneous thin lm. The deposition rate was at 15 Å/s. Such a low deposition rate produces a lm composition, which is very close to that of the bulk starting material [17] . Four dierent lm thicknesses were deposited which are referrred as A1, A2, A3, and A4.
The structure of the as-deposited lms were checked at room temperature by means of X-ray powder diraction (XRD) Philips diractometry (1710), with Cu K α1 radiation (λ = 1.54056 Å). The data collection was performed by step scan mode, in a 2θ range between 10
• and
70
• with step-size of 0.02 
where A = 16n 2 s, B = (n + 1)
, φ = 4πnd/λ and χ a (λ), the absorbance, is given by the formula χ a = exp(−αd).
Moreover, the values of the transmission at the extremes of the interference fringes can be obtained from Eq. (1) by setting the interference condition cos ϕ = +1 for maxima and cos ϕ = −1 for minima. From these two new formulae, many of the equations that provide the basis of the method in use are easily derived [7] .
Results and discussion
XRD analysis results of the as-deposited lms of Ge 25 Cd 5 Se 70 grown on polished fused silica glass substrate are represented in Fig. 1 .
The XRD patterns demonstrate that the lms exhibit mainly amorphous structure and do not exhibit any peaks for crystalline phase.
The variation of absolute value of normal incidence transmittance T (λ) and reectance spectra R(λ) versus wavelength λ of Ge 25 Cd 5 Se 70 glasses thin lms on fused silica glass substrate is shown in Fig. 2 . The spectra of all lms are found to be similar with relative transmission 8560% and slightly higher transmission envelope. of the substrate T s using the well-known equation
2. In terms of Swanepoel's method, which is based on the idea of Manifacier et al. [18] of creating the upper and lower envelopes of the transmittance spectrum (see Fig. 2 ), the refractive index of the lm n 1 in the spectral region of transparent, weak and medium absorption regions can be calculated by the expression
where
for transparent region and 
for weak and medium absorption regions.
Here T M and T m are the transmission maximum and the corresponding minimum at a certain wavelength λ. Alternatively, one of these values is an experimental interference extreme and the other one is derived from the corresponding envelope; both envelopes were computer--generated using the program Origin version 7 (OriginLab Corp.). The values of the refractive index n 1 , as calculated from Eq. (3) are shown in Table I . Figure 4 illustrates the rst approximation values of refractive index (n 1 ) dispersion spectra for four dierent thickness A1, A2, A3, and A4 of Ge 25 Cd 5 Se 70 thin lms.
3. If n e1 and n e2 are the refractive indices at two adjacent maxima (or minima) at λ 1 and λ 2 , it follows that the lm thickness is given by the expression:
The values of thickness d of the studied lms determined by this equation are listed as d 1 in 
where the order number m is integer for maxima and half integer for minima. This value of m can now be used, along with n 1 , to calculate the order number m 0 for the dierent extremes using Eq. (5). to 3% as shown in Table I. 6. With the exact value of m and the very accurate value of d, Eq. (7) can then be solved for n at each λ and thus, the nal values of the refractive index n 2 are obtained in Table I. It is preferred to calculate the refractive index and lm thickness in uniform region of the spectra (weak and medium absorption region) and to extrapolate the refractive index in both strong absorption region and transparent region by the Cauchy equation, which is valid for the thin lm model. Now, the values of n 2 can be tted to a reasonable function such as the two-term Cauchy dispersion relationship, n(λ) = a + b/λ 2 , which can be used for extrapolation of all the wavelengths [19] (see Fig. 3 ).
The least squares t of the two sets of values of n 2 for the dierent thickness samples listed in Table I, 
, (8) where T is the transmittance, R is the reectance and d
is the thickness of the as-deposited lms. 
where K is constant which depends on the transition probability and E opt g is the optical band gap. Figure 6 is a typical best t of (αhν) The energy gap values are listed in Table II . The band gap of dierent thickness of Ge 25 Cd 5 Se 70 is lower than in Se 70 Ge 30 (2.02 eV) [22] . Also, this conrmed that the band gap value of any composition must possess one value not dependent on the lm thickness. It can be dis- Fig. 5 . The absorption coecient against photon energy for the samples of amorphous Ge25Cd5Se70 thin lms. Fig. 6 . The dependence of (αhν) 1/2 on photon energy hν for the dierent thicknesses A1, A2, A3 and A4 of amorphous Ge25Cd5Se70 thin lms, from which the optical band gap E opt g is estimated (Tauc's extrapolation).
cussed according to the Mott and Davis model [23, 24] that the width of localized states near the mobility edges depends on the degrees of disorder and defects presented in the amorphous structure. In particular, it is known that unsaturated bonds together with some saturated bonds are produced as a result of an insucient number of atoms deposited in the amorphous lms. The unsaturated bonds are responsible for the formation of some defects in such lms [1, 2] . Such defects produce localized states in the amorphous solids. So, on addition of Cd to SeGe matrix, the CdSe bonding is developed, which introduces a large number of defects in the formation of an impurity band adjacent to a band and formation of tails of states extending the band into the mobility gap. This led to the decrease of the band gap of dierent thickness Ge 25 Cd 5 Se 70 than in Se 70 Ge 30 (2.02 eV) [22] . Such decrease in the band gap can be explained also due to the formation of charged defect centers by the metal additives enhancing the conductivity and decreases the band gap. The bond energy between SeGe equals 2.12 eV and SeCd equals 3.21 eV which may be related to the decrease in the bond energy between Se (the host element) and the metal additives (Cd) [25] . It is clear from Table I that the optical bandgap increases with the increase of the lm thickness. This behaviour can be explained as the presence of defects in amorphous materials [26, 27] in terms of elimination of defects in the amorphous structure. The insucient number of atoms deposited in the amorphous lm results in the existence of unsaturated bonds [28] . The unsaturated bonds are responsible for the formation of some defects in the lms which produced localized states in amorphous solids [29] . Thicker lms are characterized by more homogeneous network, which minimizes the number of defects and localized states, and thus the optical band gap increases [30, 31] . 
where E 0 is the single-oscillator energy and E d the dispersion energy. By plotting (n 2 − 1) Fig. 7) and tted the data to a straight line, E 0 and E d can be determined from the intercept, E 0 /E d and the slope, 
The variation of the static refractive index n 0 as a function of lm thickness for investigated thin lms is listed in Table II .
Average interband oscillator wavelength (λ 0 ) and the average oscillator strength (S 0 ) for dierent thin lm thicknesses were determined using the following relationship [35] :
where λ 0 values were calculated from the plots of n 2 − 1 vs. λ −2 , further, Eq. (12) can also be written as
The S 0 values for dierent lms were obtained using S 0 = (n Table II .
Finally, the optical conductivity is one of the powerful tools for studying the electronic states in materials [36] .
If a system is subjected to an external electric eld then, 
where α is the absorption coecient, n is the refractive index and c is the velocity of light. Figure 8 shows the variation of the optical conductivity upon the wavelength for Ge 25 Cd 5 Se 70 lms. The tting curves for both inter- Fig. 8 . The optical conductivity against photon wavelength for the samples of amorphous Ge25Cd5Se70 thin lms.
polation and extrapolation of optical conductivity can be achieved by substituting the Cauchy refractive index, which was mentioned above in Eq. (14) . It is observed that the optical conductivity increases with increasing the lm thickness which could be related to the increase in the refractive index and the density of localized states in the gap due to the appearance of new defects states.
Conclusions
The applied optical method makes it possible to de- 
